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ABSTRACT

The cmwpt to use a slab as active elemcne, working in zig-zag geometry, mrd also as Fresnel rhomb, seems to be rather
attmctive. However, in this case different depolarization effects in active element are of crucial importance. We have carried
out the eadnrationa of depolarization effects arising both due to mechardcaI loadhg of an active element at its t%tening mrd
due to therrrmoptical distortions. To check up these rigid requirements to depolarization (O.1 Y. - 0.01 Yo) careful
meammments of depcdsriration effects rord their sources are being carried nut. Mechanical loading gives one of the main
contributiomv in depolarimtion at fastening of active element. Using model expaiments with glass Fmanel rhomb rmder
m.dmrical loading we have meaaurcd depolarization effects. It is proprml to w addltiorral glass plate to mmpenaate beam
depolarization in zig-zag slab. The received rcsrdta SNOWto expect successful usc of the slab ampliier as a Fresnel rhomb
providing rather high quafity of optical material of active element.

Keyword Frcsnel rhomb, optical elemen~ depolarkztion, multipaas slab smplitier, depokmization mmpenaator.

L INTRODUCTION

Laser ampliier with large-aperture cross section is one of the major elements of laser systems for ICF. At present,
disk amplifiers am msirdy used for this purpose At the same time there is a rich experience in development of lsrge-
aperhme slab ampliilers of rectangrdsr cress section [ 1.%31 S“ch fom of active element has detlrite advantages when -

in zig-zag geometry. Succcas in development of anamorphlc optics technolog may remove the dmwbacks mnnected with
the high aspect ratio of the kascr bmrn being arnplifkd.

One of the possible ways to use the rectarrgular-cross-section srrrplitiers within laacr system ~ is given in [3].
This smplitier was anppmed to replace 16 rod amplifiers 5 cm in diameter. The scheme is presented in Fig. 1. Radiation
from oscillator reaches 4-psss amplifier using rcctarrgulsr cmss-section active element in zig-zag geomety, Except the
active element (Zig-zag Amplifier) mrd the nemssmy turning mirrors (MI-M4) the scheme includes the polarizers PI,P2
needed to input the bmnr in the ampliiier (Pi) rmd to fu~lll @ariation isolation of the paascs (P2). Two smmrorphic
teleacopcs (AR’f) arc necessary to match the round aperture of the oscillator with the rcctangnfar crnss -on nf the
smpliier srrd 16 disk canals of amplification. To bc successfully used in NIF scheme , such srrrplfier must provide
tilcierrtly high gain uniformity over the beam. The necessary beam uniformity over enough large arm of the beam (0.5 of
the totat apxturc area) was demonstrated in paper [3] for active element with dimensions of 45x400x430 mm 3.

*Work performed under the auspices of the U.S. Department of Energy by the
Lawrence L.ivermore National Laboratory under contract number w-7405 -ENG-48.
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Fig, 1. This four-pass amplifier is intended to replace stout sixteen rcd amplifiers.

Anotherimpmtaertcomponentsof arry multi-pass amplification scheme arc optical isolators necessary to prevent
parasite generation in the mamrator formed by the mirrors M1-M2. In [3] the Fmanel rhomb ampfiier of rectangular cross
section was pmpoaed to be used as an element of optical isolator. At a given geometric size of active element, the beam
rmdergoca 6 total interrad rctktiorrs per a single pass throrrgb the amplitier @lg. 2). Due to this fact the radiation polarized
at the angle 45° to the axes of rectangular cross section cbaerges polarization to orthogonal after two passes.

The qrmhty of optical isolator nwxasay to prevent free Laaingirr the scheme wnr.sidered is defined by the required
gain. For the scheme with complete mirrcidence of forward and backward passes tbmugb the amphtier (Fig. 1), the rrdrmrs
Ml arrd M2 form a maomtor with a threshold rendition of k king

233’R1R2K* = 1,
where D -the portion of radiation having pokk.ation orthogonal to working pcdsrir.ation (depdarization degree)
originating in each pass through the ampliier Rl, I/Z- the reflectivity of the mirrors Ml aerd M2 provided that (RI, R2 s
1} K- gain factor per a pass. For the gain factm expected in this scheme K=1O, the depolarization degree must not exceed
510”3Therefore to reak this proposal, low depolmization level shordd be provided of radiation propagating through the
SrrrplKler.The requirements towards depolarization maybe reduced if to w the scheme with mrgrdar separation of forward
and backward passes thmugb the amplifier. However in t3ds case, the deaigrr of arramorpbic spatial filter becomes more
eompkatcd for arrguhr separation the double-slit diaphragm geometry is needed (Fig. 2). BeAdes, propagation of rays
declined to the optical axis of arramorphic telea40pe causes additional optical diatorliona The reason causing depolarization
of the beam propagating through the active medium is internal mechanical atmaa. Let us consider the sources of atrcaa.
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Fig, 2. Depolarization effezta restrict the gain of ampliier due to free king.

2. THR SOURCES CAUSING MECHANICAL STRESS 3N ACTIVE ELEMENT.

There am three sOurceaof mechanical stresses in active element
-themmcbaatk strew,
-atress cauacd by outer forces (for example by fastening~



-residusl stress efter glsss fritting
Vsristion of mfi-mtion index n lmding to bimfringence is connected with mechanical load by the following ratio

an—=
asl

c, :=C2
1

where al snd u II STS the thermal stress tensor mmpmrenta which me orthogonal snd psrallel to the polarization vector, f$,
~, - photmhstic cmrstsnts for light polarized peqrmdicuktr or parallel to the direction of intenrat strain. These changes in
refrscdon index lead to wave-feunt distortions of the radiation psssing through the amplitier.

2.1 ‘flrernmelastic stress

‘fhernmelastic stress in active elements ofew.xarrgular cross section was studied in a nrnnber of works [4,5,6],
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Fig. 3. The chsracter of the distributions of the temperature snd thernmelmtic stress (c@ inaide shb.

According to the results of study in an intinite thin layer, stresses U= me absent. FMdes due to the equilibrium of internsl
strmaea

T/2

Jqx=o

-T(2

The chamcter of the distributions of the temperature and thernmelastic stress (Q tilde slab are presented in Fig. 3, In real
devices, lamp panels provides uniform enough light flux, so that the temperature distribution resulting fmm light sbsmption
in the active element of rectangular cress section may be mnsidered to be one-dimensional with smumcy enough for
pmcdcal gods (and symmtic with respect to the middle phure). Due to this the thermoelaatic stress in the sctive element of
rectangular cmsa section is properly described over almosl the whole cross section by the approximation of thin layer and is
not Wid only close to the slab boundary @lg. 4). ‘rbereforw in zig-zag pmpsgstion geome@ the effective averaging of wave
pbsse shift takes place.
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Fig. 4. Nmrrerkd simrdation and experimental results show Fig. 5. External loading results in dqrohrization
deviation ti’om one-dimension mndel of stress distribution
ordy near tophottom bmmdary nf active element

Thus in tirat order approximation the Urermoeltic stress arising in mums of pumping doemr’t result in beam
depolarization. However, it should be mentioned that during element’s cooling more complicated temperature fields arise
capable to cause depolarization, the latter requiring additional espirnenti study,

2.2 Stress causedby external fomea.

Urdii the internal stress that am mutually equalized and thrra the etTecta eased by them maybe averaged , the
external loads may cause a remarkable depolarization (Fig. 5). For example, in the case of tough fasterdng of active eIement

preventing ita expansion, atrmaea 0 arise causing beam depolarization D = ~ with wavelength k while covering path L
in the gbwa with B= (C1- CZ)

g=E.a.~, D = sin’(p), O<q<(B. a.L. #

wherea - temperature expansion coetHcient, ~ - Young’s modulus, t3T - average heating. For standard parameters of
heating (i5T- 1.. 2“, u- ltT5/ ‘C, ~-5.1010 DA, A-2.10”12 DA-l,IA.5m) phase difference lies in the range 0< q <4 i.e. the
beam depdarizatinn turns nut to be about 1, The given estimate shows the importarree of fastening method. In the Mlgn
developed by us tbe active element ia fastened using springs providing constant force (- 20-50 &g) not depending on
mutual expansion of the active element arrd amplitier bardware. This force gives rise tn a pressure (and mapectively
eompmaaion atreaa) < (0. 1-0.25) k@m2 leading to additional depolarization not more than (1-2.5). 10-2.Additional atrma
(W, lkgltbnz) is caused by the weight of active element. However, these relatively srrra31vahres need to be taken into
account while tkaterring.

2.3 Reaidrra5 stress in glass.

It is well known that optical elements of large sire have sigrritkmt internrd stress arising at glass eonling while
manufacturing. Tn elimimte this stress, a apeeial cooling regime is used allowing to get samples with low residual
birefrirrgenm. However, in this case the depolarization of the beam propagating through the sample of large size (in our
case the optical path per single pass is 58cm) may be of remarkable vsbre. Depolarization mea.mrements in the active
element showed that ita value ia changed along the height of the active element and lies in the rarrge < 1.5 O/..However
more detailed study nf the residual birefringence should be carried out to have the use of a special nbject.

3. DEPO LAR3ZATION MEASUREMENTS 3N FRRSNEL REOMB PRISM.

Meamrementa of depolarization caused by residual stress and external load wem carried out at a standard Freanel rhomb
with aperture 5.5 emz. Experimental layout ia given in Fig. 6. Radiation of He-Ne laser is split up into two bemrra with

mutually orthogonal linear polarization with the help of a spar wedge. The Mm having linear polarization oriented at the
angle 45° towards the plane nf incidence on the input plane is trammritted through Fresnel rhomb arrd retlected back using
mirmr. After double passes the beam falls again on the apar wedge. The polarization of the main beam after two passes
through Frearrel rhomb becomes orthogonal to the initial one whereas the depolarized benm ebtairra the same polarization aa
the initial one. The nptical signals reflected from the glass wedge are received by photo dimka and registered by
oscilloscope. A mechanical mnrhdator is used to distinguish signals frnm the noise of scattered radntion. There is the
possibility to carry out the calibrated rhomb loading in two dimtiom by forms Fl, F2 arrd also to rotate the rhomb around
~ elevation axis to vary the incidence angle. The scheme allows to measure beam depolarization with the error of - +3.10-
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Fig. 6. The scheme SI1OWSto carry out depnlsriz.stion measurements for different load F1-F2 and incidence sngle

The petition of the beam prepsgsting forwsrd snd backward through the rhomb ia detined by the phsse
ditTerence of the mmpnnents hsvirrg electrical field vestor lying in the phure of incidemx or orthogorml te it In sddition,
the plum ditTerence connected with pbsse junrp at totsi internsl rstlection is sdded to thst obtained while propagating
through the biralingenm medimrr (tbreugh the stressed glsss). Depsnding on the direction of the applied Insd, the phase
difference caused by it, is either sdded or subtmcted frem the phsse difference comected with wsve reflection from the
surthce beundsry. The effect of internsl compression stress is equivalent te the lesd in the ssrne direcdon whereas the
stretch effect is equiwdent to the impression in perprdictdsr direction. Fig. 7 shows dependsnm of phsse difference
(@se difference equsl to rr Wing subtracted) on the incidence mrgle at different lo@ Fig, 8 shows the related
depnlsrization. ~ it is seen tim the figure the@ of the dependence of beam depelsrization on the incidence sngle is
defined bv the VSIUSsnd sign of the applied Iosds Such measurements give more complete rricture ad SUOWto deterrrrine
not mdy &e vslue but An &e sign nf ke irrtsrnsl stress.
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Fig. 7. Dependence of the phsse shifl &h) on incidence Fig, 8. Dependence of the depduizstion (D) on incidence
sngle under dMerent model lesds. sngle under dilferent medel Iosds.

Thus Fie. 9 mesents the results of derxisrization measurements sfter beam hsve twice rrsssed the rhomb in ditlerent wints

in the ~lsrw of zig-rag pssssge. Note SISOths; such kind of m-mek dees~’t ~low to measure the sign of iknsl
stress cmrsing depelsriz.stion.
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Fig. 9. Beam depolarization distribution over
Fresnel rhomb prism aperture, outer loadis
absent
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In Fig. 10 (a,b) the examples are given of de@ar’ization D dependence on
the incidence angle at different loads (F) and ita eompariaon with the
calculated eurvea. The calculated eurvea are obtained by selection ofa mcdel
load using the criteria of the beat agreement between the calculated and the
measured angular dependencies. The qualitative change of curve’s behavior
for different loads is evident. Be-sides, the comparison of the calculated and
the measured beams allows to define the value of internal mesa integral
along the ken. In Fig. 10 (c) the eompariaen is presented of the calculated
and the measured valuea of depolarization D depending on the model load
for a given incidence angle. In Fig. 10 (d) the mmpariaon is given of real
(measured) load and model lead, teati@ing of the value (-45 6g) and the
character (stretch) of internal stress averaged along the direction nf
propagation.
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atmases (a, b).
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4. COMPENSATOR OF DEPOLARIZATION

The measurement resdta allow to propose the design of a compensator for birefringenee of Fresnel rhomb acdve
element. Let us pay attention to two isswx 1) the depolarization doesn’t depend on the coordinate X, 2) for the internal
equalized loads there am areas both with compression and stretch stmsaea.
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Fig. 11. Compensator of de@arization which maybe used into four-pass arnptiier.

In Fig. 11 a draft of proposed compensator is given. The glass plate through which the beam passes is Iosded in
elevation (I%) and plan (FI-FJ planes.

1.

2.

3.

5. CONCLUS1ONS

The experiments carried out with model leads allow to dtilne the value and sign of internal stress averaged aJong the
direction of beam pmpsgation.
Model experiments show good agreement between the experimental snd the cakndated vaJues of beam depolarhtion
arising due to outer loads on Fresnel rhomb.
Uaim? additional rmtamnder elaas date it is oossible to rnske the device for compensation of the beam dewlarization
cau.&l both by outer an~ inte~ &css.es in ~ve Fresnel rhomb.
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